Abstract. This work deals with seismic analysis of structures by taking into account soil-structure interaction where the structure is modeled by an equivalent flexible beam mounted on a rigid foundation that is supported by a Winkler like soil. The foundation is assumed to undergo local uplift and the rotations are considered to be large. The coupling of the system is represented by a series of springs and damping elements that are distributed over the entire width of the foundation. The non-linear equations of motion of the system were derived by taking into account the equilibrium of the coupled foundation-structure system where the structure was idealized as a single-degree-of-freedom. The seismic response of the structure was calculated under the occurrence of foundation uplift for both large and small rotations. The non-linear differential system of equations was integrated by using the Matlab command ode15s. The maximum response has been determined as function of the intensity of the earthquake, the slenderness of the structure and the damping ratio. It was found that considering local uplift with small rotations of foundation under seismic loading leads to unfavorable structural response in comparison with the case of large rotations.
Introduction
The effect of the foundation uplift on the dynamic response of structures has been investigated by many researchers. Housner [1] was the first to study the problem of structures with uplift in detail and to observe some favorable effect of uplift on structural response magnitude. Meek [2] studied the effects of tipping-uplift on the response of a single-degree-of-freedom (SDOF) system and reported that allowing the SDOF system to tip/uplift altered its natural frequency and led to significant reductions in base reactions and in transverse deformations. Further Meek [3] performed analysis of a core stiffened buildings Meek and concluded that in comparison with a fixed-base core-braced structures, tipping greatly reduces the base shear and moment when subjected to seismic excitation.
Considering the flexibility of the structure and the soil to be represented as a Winkler foundation with large rotations leads to considerable difficulties in the governing equations of motion of the coupled soilstructure system. This is why few studies were dedicated to the complete representation of soil-structure interaction by equations of motion under the hypothesis of large rotation of foundation and the occurrence of − P ∆ effect [4] . Instead simplified equations, consisting of only small rotations of the foundation uplift, have been considered [5] .
The first objective of the present paper is to perform analysis of the effect on the seismic response of the structure that result from local uplift of foundation by considering both large and small rotations, but within the context of small deformation of the structure. The seismic response will be determined as function of the intensity of the earthquake, the slenderness of the structure and the damping ratio in vertical vibration of the system with its foundation mat bonded to the supporting elements. Then discrepancies that appear on the response when comparing the small base rotation case and the large base rotation case will be assessed.
The considered coupled soil-structure model takes into account the degrees of freedom related to mat lateral displacement, base vertical displacement and base rotation with this last being large. Derivation of the equations is first conducted then integration of the obtained system of ordinary differential equations is performed.
Materials and methods

Modeling of soil-structure interaction
The structure is assumed as a beam like mat which can be further characterized by its first mode of vibration. The structure is like this represented by a one degree of freedom linear system of mass m , lateral stiffness k and lateral damping c .The mat is supposed to be mounted on a rigid foundation basis that is assumed to react as a rigid rectangular plate of negligible thickness. The foundation mass denoted 0 m is taken to be uniformly distributed; the total moment of inertia is designated by 0 I . The soil-structure interaction takes place at the interface separating the rigid footing and the foundation of the system with its foundation mat bonded to the supporting elements. interface separating the rigid footing and the foundation soil. This interaction can be described by distributed springs and damping elements over the entire width of the foundation, figure 1 gives a schematic representation of the coupled system. The horizontal slippage between the mat and supporting elements is assumed to be negligible. The stiffness per unit length w k and damping per unit length coefficient w c of the foundation model are assumed constant and independent of displacement amplitude or excitation frequency. The base excitation is specified by the horizontal and vertical accelerations due seismic excitation. Under the influence of this excitation, the foundation mat may uplift through an angle θ and undergo a vertical movement v defined at its centre of gravity in the unstressed position.
Equations of motion
The equations of motion of the entire system are derived by taking into account the equilibrium of the coupled foundation-mat system. The free body diagram of the system with inertial forces is shown in figure 2 . The three equilibrium equations are: -Equilibrium of forces acting on each degree of freedom in the horizontal direction: 
Equations of motion for large rotations
Considering the equilibrium of forces in the lateral direction, the equation of motion in terms of the mat tip lateral displacement writes: 
The equilibrium of forces in the vertical direction can be written as 
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where r M is the resistant moment which represents the global action of spring and dashpot system acting on the foundation base. It is derived by considering the forces applied on the free body diagram of the base mat as: The integral in equation (14) 
In equation (4), v F is the total vertical force acting on the base mat. This force is obtained as .
.
Because the Winkler foundation cannot extend above its initial unstressed position an edge of the foundation mat would uplift at the time instant when [1] :
Calculating the integral in equation (8) The equations of motion of the system in case of large rotation are formed by equations (1), (10) and (15).
Equations of motion for small rotations
The equations of motion of the system under hypothesis of a small rotation of the foundation are obtained by using the same approach used in the case of large rotation and by letting the following approximations: following equation:
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The three final equations of motion are then: 
and 2 ε having the same definition as in equation (12). Finally, the equations of motion of the system in the both cases are: The seismic responses of the considered system are shown in figure 4 for the two hypothesis small and large rotation of foundation. The results present in terms of the lateral displacement of the structure, the foundation rotation and vertical movement to its center of gravity.
Conclusions
both cases are: -For large rotation they are formed by equations (1), (10) and (15). -For small rotation they are formed by equations (18), (19) and (20).
These systems of ordinary differential equations are highly nonlinear. Their numerical integration can be achieved iteratively as the form of this system is not a priori known because of the conditions corresponding to equations (11), (12) et (21).
Integrating the three-non-linear ordinary system of differential equations by using the Matlab command ode15s enables to calculate the response of the structure and to perform parametric studies.
Results
The effect of base uplift on the maximum response of a flexible structure which was taken to set up on a Winkler like foundation has been determined as function of the slenderness of the structure and the damping ratio in vertical vibration of the system with its foundation mat bonded to the supporting elements.
The obtained results lead to some discrepancies between the two cases: large and small rotations. Since the numerical cost is almost the same for the two hypotheses, the general case of large rotations can be considered in order for instance to integrate the − P ∆ effect. 
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